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commercial product. name in this module is for illustration
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'SUMMARY.

Pa'ge 4
e

Module No:

_.

-

. )t
Module Ti tice:

. .

Basic Activated Sludge .-
, .

A

Topics:: ,- .

_ ,

. .
.

..
1. Introduction . ,

2. Definition of terms'
3. ConVentional activated stud e,, design & p5eration parame
4. Modifications to. the cony ntional system
5. Process observations .
6. Basic process control .' .

7. Operator Control teats - ., .. ,
,

Approx. Time,

40

\
14 Hours

.

-

..1
Overal 1 Objective's : . . , ,

. .. :
.Upon completion of this ,module the operator sh9uld have a b'asic knowledge of the
acti\qted,sl'udge protes4 of wastewater treatnient, be able to calculate basic
process parameters, be able to fun operations tests, and be able to plot.basic
'trend charts. _ .

.
.

- :

Instructional Aids:ds :

-e ...,

.
.... e .

.
Handouts

. .
Transparancies . ..
Cal culatcir .

. - 4 '.
:',* e. .

Instructional Approach: ,

, i is
Lecture ,.

* X .
1

Discussion '
Demonstration _.
Exercise . t

o \'Hands-on .. ,.

.
. , , .,

References: '.
.,. .

,f : .

1.' Water PollutionN .'Federation MOP 11. J . i2. Manual of Instruc on for_;Sewage Plant Operators, (New YorkManion.
3. Operational Control Procedures( for the 'Activated Sludge, Prkess,, Parts 1, I ,

and Appendix.
."?.,4. OPertdrs pocket guide to Activated Sludge,' Parts I and H .

. , !'. . , . ,,

Class Assignments: , ,, .
..e-

, -'
--,

,
.. ..

-
,

I. Given handouts to be read' .

.
2., In class 'problem s,oluti.cirfs . .,

3. Performance of control tests . -
.

40. Plotting trend ,charts. ,
t - .

.
.,, , . ..

. ,
. .

..0
.
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'SUMMARY Page 1

Torki

Bas i c 'Acti vatedN$ 'Ridge
.

N'

I.

;

Module No:
\

. Instructor Notes: Instructor Out;irie:

4P

..#

s

I t

O

sc.

i-I

1 ",\

Handouts should be distributed as they appear
\ in the module. -

. The module incluas tradittonal lecture, in
class problerri solutibns and hands on activity.

3. 12 x 20 division per inch graph paper should
Le

be made available to the student for trends
chart plotting.

4. Laboratory equipment and glassware utilized to
perform the "control tests" are listed in the
appendix - Operational -Control Procedures for
the Actittated. Sludge Process.

5. The module would be most appropriately delivered.
in an activated sludge treatmentTacility as
samples of process streams are peeded to perform
the control tests. It is also appropriate to
be able to actually observe aeration tanks and
clarifiers as the topic "Process Observations
is dtscussed.

Mfcroscope(s) should be available to observe
,the microorganism existent in the mixed liquor.

7. Part I; Part II, and Appendix to the Operational
Control Procedures for the Activfted Sludge
Process may be obtained from:

Environmental Research.Center-
U. S. Environmental Protection Agency.
26 14 St. Clair Street
Cincinnati, Ohio '45268

8. Operator's Pockett Guides! for the activated sludge
process may, be obtained from: (Nominal cbarge).

Stevens, Thompson &-Runyan,'.fnc.
5505-S. E.MilWaukie Ave.
Box 02201 .

.

Portland, Oregon 97202

9. The evaluaticin includes the written test and for .

each student to perform the control tests and
plot da \a trend, charts to the satisfOction.of.the

I'instructor.

5
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Module too:
.

,Q

Module Title:
.. .

Basic Attivated Sludge' 4 ,
. .

Subinodule Title: . '
,

. .
. -

.

.
.

Approx.. Time:

, .

1 hour

Topic:,
.

. .
c:,

Introduction . .
.

r ' '
Objectives: `.
1. 'Define the activated sl udge

c
process and its todifi cations (as defined in

WPCF MOP 11).
2. List three tiasid operational reqUirements. (A. Adequate- numb'er.Of

microorganismSs. B. Suitable environment i.e. D.O. C. Ability to settle
i.e. separte). , ,

.

3. List the typ`i call facility units (aeration tank; oxygen supply; final
- settli tanks; pumps for re-turn sludge and waste sludge flows and their

purposes), w -

. Sketch and label a'typi'cal conventional activated sludge flow schematic.

. .Instructional Aids: -, . .

I. t . -.
. .

.e .
1. Transparancie 4 t

. .
. ..

,

.. 4.
.

, -Ins truc ona.1 Apprqa ch: ..
.

1. Lecture . .
. .

2. Discussion ,

., . (
t

. .
, , .

. c. .

. , . .
References: .

1. Water Pollution Control Federation MOP 11 (14PCF MOP 11).
2. Manual of Instructionfor Sewage Treatment Plant Operators (New York Manual).
3. Operation Control Procedures for-the Activated Sludge Process, Parts I Sand I]

and Appendix .(OCP fOr ASP). . . . .
. . .

, . ,
,

.
Class Assignments: - .t, .

, - ..
- it \

, .

... . .

.

',,
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Page 7

I

Module No:

Instructor Notes :

From mop di, Page 118

c:
In trkelucti o n

I I.

\F-i-tipre I:

Instr or Outl ine:

r 41
I. Definition of the activated sludge. process :

The active d udge- process and its
modi fi catio s rap be defi ned as the.
contacti ng. of. pftforntd biological floc
(activated sludget with, incoming waste in
an derAti on ,tank sbpplied with sufficient
dissblved oxygen to mai nt in aerobic
conditions throughout the p ocess , followed
by l iqui sbl ds separation i .a settlingtank.

I I 2- There are thfee basic operational requirements
for the activated.slucige process.

A. Microorganisms

'IP *.

Ak adequate number of microorganisms sIs
needed to assimilate the suspended,
colloidal, and dissolved organic material-
in the. w'as.tewater to form the final end
products -,of carbon dioxide, water and
-inert materials.. ,

Suitable environment
VP.. c,

An aeration. tan,k /wi th sufficient. dissolved.
- oxygen, subS-trate and nutri ents

Separatidn

The. acti vate& sludge must be of a qual ity
that readily sejlarates from the Treated
wastewater in the settl tanks..

Hi. The following, units make up" the typi cal
conventional activated sludoe fati 1 i ty .1

A; Aeration tank ' '

9
n into which raw waste (system

vjthout primary clarifiers) or primary
effluent flows.
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Page 9

Topi c:

Introduction

Module
u

No:

I ItruCtor Notes:'

11

Students should usethe
proper vocabulary (and. the
instructor.). i.e. be carefulde proper name fo'r' a given

process flow and/or unit.

Example:
1`,

The clarifier sludge flow is
that flow of soli ds being
rem19ved from the bottom of
the secondary clarifier.
Clarifier sludge f4w can
then be di rected either -to
the aeration' tank and/or wasted
Sp return sludge flow plus
waste sludge flow equals
clarifier sludge flows. By
being specific the operatot
then can address" exactly the
process flow bei>79 considered.

'%

re,

InStructor Outline:

1

o

oe

2. .Solids fr m the secodary clarifier,return sludge, also are pumped 'into
the basin.

3.' P ovi des t detention necessaryar biological activity to occur.

B. Setobdary clarifier

4: Contents called "mixed liquor".
r.

1. Basin' into wh ch the overflow from
the aerati ott ank fl ows'.

2. Purpose is for 1 ioui d solids
.separation to occur. .

3. Generally some yptof sludge
scraping device.

4. Pumps required tti remove the .settl ed`Al i-ds.
N..-5. Overflow general 1

cootact tank or t
units.

C. Pumps.

fl ows into chlorine
rti ary treatment

remove
z1. To remove sludge fr m secondry

clarifier with capab 1 ty of returning.
sludge 'to aeration t nk. or to,r,emoVe
waste,,(eXcess) slut from the
secondary. system.

.' 2.. Should have ability is measure the
sludge fl ows directed o the aeration
tank, or to waste.
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Page

1iociule : Topi c:

Ilt-inition of Terins

Instructor 14o;tes
Instructor-Outi ine: z

I-

I.

$

I-
D. Oxygen supply

There are two 'main sys'tems for pr'ovi.ding
aeration:

$

1. Diffused air sys ed. Air supplied .

by §lowers under relatively low
pressure (8 3,0 psi) forced through
a- porous'. material.al . The porous ,

material may be a plate, tube, or
some type of synthetic material.
Geneial ly a sparger ai r

diffuser designed to give large
bubbles'. A diffuser is generdlly-
the 'label given to the,porous
material whi provides tine bubbles.
The blowers are generally either
positive displacement orcentrifugal.

2. Mechan4cal (aerators. There are
several tyPe of mechanical aerators
,in usage.

a. 'Surface mechanical aerators are
either mounted dn,,,a fixed
platform (bridge) or float on ,
the liquid surface. The aeration
intensity is varied eithery
varying, the depth of submergence,
(usually by adjusting the -aeration
tank overflow wei r. up or down) 4:Ir
by varying the speed of rotation'''

--(frequently two speed motors
power the fixed bridge aerators..)

b
411t

Vertical draft tube. The mixed'
liquor is drawn up (or down)
through a vertical tithe by a
revolving impeller. There are
,also aeration systems Which
combine diffused air and a

.mechanical device or turbine,'
In all of the syStems the purpdse
is two-fold, to provide oxygen

. a to mix the Contents of the
aeration



!age .11.

*I

*

Instructor notes:

'

r.

Instructor Outline;

0

.

I

. ,*(.*

IV. Conventional_ activated sludge process
schematic. .

k

Although this is In.tended to be.a 'cotrse
in activated sludge; the instructor should'

, go over Figure 1 in detail. Notethe
prelibinary treatment units and their
purpose, primary treatment units- and their
purpose, arid then the activategrsl-udge units
(secondary-treatment).- POint oft the many
possible flow configuratiOns and,emphasize.

g a
the importance fortch operator to know
the exact" fl Ow sdiam for'- his facility.
While disc psing the, secondary treatment
'process urvitsdo not forget "recycle" fjow
possibilities. Supernatf3rrt from anaerobic,
or aerobic- diaesters; overflow from gravity
sludge thickeners, 'recycled flow from sludge
furriaces, and other possibilities which can,

° be of significance when calculating,the'
organi c load to the 4eratibn,, tank and/or

. troubleshooting process ups'ets.

.

.12
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Module No:

A
*Module TtPe:

,Basic Activated Sludge

Submddule Title:

ApprOx. Time:

1 hour
.

..'

Topic:

Definition of Terms
.

Objectives:*

I. "Define by matchi
C. Log growth p

F. ,Sludge floc;
J. Waste sludge

2. Given the "ideal

curves, and the

ngt e following terms: A.. Adsqrptlon; B. Absqrption;hese; D. ,Declining growth phase; E. Endogenous phase;G. Mixed liquor; H. StOilization; I. Return.sludgei
; K. UM; L. Diffuser; M. 'Sludge bulking.
growth curve" label the three $ignilttant zones;'..the twoaxis.

Instructional Aids:

I. Handout
2. Trapsparancies

a J
lnstruttional Approach:''

1. Lecture
2. Discussion

References:

1

,1. WPCF MOP 11
:2. N. Y. Manual

'3. pperator'sJ°Ockt Gui
'Thompson & Ryan, Inc.

Class Assignments:

4;
a

de to Activated SlUdge, Part I and II; Stevens,
, Portland, Oregon (Pocket Guide).

1

13
*
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I

nstructor Notes:

Tdpic:

-Definition offerms

Student.HandoutI

The definitions on the student
handout are taken primarily
from MOP.11. Some are taken
from the "operator's pocket
guide to activated sludge".

g.

Figure 2 - Ideal Growth Curve
MOP 11 Discussion-covers this
took satisfactorily.

Figure 3 - -Relative'Pre-
dominance of Microorganisms

5

Pagp 13

-Instructor Outline: a

The operator Must learn the vocabulary of the
activated sludge process. The terms on the
handout are not-the total of those,terms the
.operaeor wily] be using, rather only some of
the basics. 'Each should be discussed in context.
The list should ,be expanded, that is, give 'the
student an opportunity to add terms to the-
handout if there are some which he does not
undei-stand.

A basic understanding of the activated sludge
system requires the student to understand how
food is utilized and bacteria grow in response
to the food. The vertical' axis is the mass
(number oforganisms), the hdrizontal axis
is time.

Discuss the "phases," including relation of F/M
and the relative predoMirate microorganisms
expected in each phase. ?-

Figure 3 can be.used as an overlay to Figure 2.
Note that the "food'remaining curve is'.toincident
en the two figures. J.

.
It is also importantto note where the
"conventional" process .fall operationally
relative to "phase" and the mior'oorgantsms
that should be evidence.

a

E

4

4

0

4,



Student Handout I

ACTIVATED SLUDGE TERMS AND DEFINITIONS

A

Absorpti on

Ads orpti on

Coagulation

From MOP 11

The taking. up of one substance into the ,body of

another.

. The adherence ,of a gas, liquid, or di4solved

material on the surface of a Solid...

The destabilization and ipitial aggregation of

0 colloidal and finally divided suspended matter.

. by the addition of a floc forming chemical Dr
. .

biologiCtl processes.
:- ,

Col 1 oi ds
-Finely-divided solids that will not settle-but

may be removed by Co,agul ati on ,s biochemical action,
/

,

or memb4e filtration.

Declining- Growth Phase ____LA--grovith-ph-ase in which -the amount of aiai 7e

fuLd_begins to limit cell grow th.

Endogenous Phase The grovith phas'e which .due to a lack of.)

avaiable'food and cannabalism between cells

Floc (sludge floc).

results tn a net cell death. t.

Small gelatinous masses formed in a liquid by

agglomeration of smaller particles.

F/M Food to Microorganism ratio. This is a

.. calculated ratio of the pounds of food (lbs.-BOD)

flowing into an aeration tank divided by the
--
pounds o0.1soltds in the aeration tank (lbs.'.

.
. .

. _--sLispended solids). Note: Some operators use

_
:--s- the volatile

,

suspended solids in ty.T'calculation.
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Student Handout I (cont.') 7

`Au

Log-Growth Phase

O

Mixed Liquor

1,-

-

Return Sludge

*

Sluelge Bulking

Stabilized

Waste Sludge,

4

f.

,

.

A growth phase in which cell roductio4 is 'at

a maximum abundance of fOod and suitable

'envi ronment- (oxygen

The 'contents e'en

'resulting -from the

and primary effluen

-treatment upits are

That' portion of the

the Clarifier which

/

.A conditiOn of activated sludge 4Juringwhich,:

occupies excessive voltmes and will

, temptc )

aeratiort,tank - the mixture-

combinatfon, of return sludge,
,

t,(raw sewage if primary

not a pat'of tile facility.)

settled sludge removed from

,

iS returned'to the.aeration

the sludge

not-concentrate:readily.
3

That quality of a waste or siudge,4en there

iry
is no capability for further change;

e .
.

..:1,1"hat sludge which is remo ed.from the secondary,

treatment unitst- It is enerally a pO\rtiOnie

that:sludge withdrawn from the clarifieT,,

however, some activated sludge plants have ,

the ability to waste mixed liquor.
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.Page

Module No: Module Title:

Basic Activated Sludge

Approx. Time:

3 hours

,Sitbmodule

Topic:

Conventional Activated Sludge - Design and Operation Parameters

Objectives:
T

1. Using the "typical conventional activated sl(Id§e flow scheniatic", show the
typical design values for:

1 .

A. Aerition tan k detention time.
B.. -Final settling tank surface overflow rate
C. Return sludge flow pump cappaty

. . ,
. ,

2. Given aeration tank dimensions, clarifier dimensions, flows, and appropriate
. plant, data, calculate:

A. Aeration t nk detention time
B. Clarifier-surfadiNsetiling rate
C. Lbs. of BOO to aeration
D. Lbs. of solids.under aeration
E. F/M 7

Instructional Aids:

1. Transparancies
2. Handout
3. Calculator
Instructional Approach:

1. Lecture
2, Discussion
3. .In class problem sol utior1

References: ,

1. WPCF MOP 11
2. N. Y. Manual

,

OP.

Class 4signments:

V

1$
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Pagf 19

'Module Ito;

.`

Topic:

Design and Operation Parameters.

Instructor 'Notes:
. , Instructor Outline:

`Figure I -... Conventional f,,

Activated, Sludge Flow
Schematic

Student Handout II - Design
Parameters

5

'Figure 4 - Detention Time
Example

Figure 5 - Overflow Rate
Calculation Exampl e

O

.An operator should know what the generally
."accefted" design parameters Are for the
coriyentional activated sludge process units.
The "RecoMmended Standards for Sewage Works":
and the "New York Manual" values 'are shown
on Student Handout II.- The operator must
realize that these are the design. numbers. The
loPerator must deal wikh that Which exists, i.e.

t the daily flow variation, the daily load.
variation, the weekend changes, the. seasonal
changes, the new industry, the industry that
shutdown and on and on.

The point is that- design is probably past
histOry to the operator. -The operator faces
operation-or operational parameters. It then
behooves the Operator to -routinely calculate

-

operational parameters i.e. to document flows,
loading, detention times, procesg performance et

'L. Aeration Tank Detention Time

,First notice that-kre design value is based
on the destgn- flow alone. This detention
time will be called aeration tank detention,
time at flow. Understand, hoWever, that T
the true-hydraulic detention, time must incluu

. the returr.Psludge flow into the aeration
tank. This detention time will be Called
aeration tank detention time, at total flow

. =

Figure 4 .is an example problem. If time
permits and a student has "real" plant
dimadsions and flow data,. solve the proble0
with the real data.

-

II. Clarifter:Surface Overflow Rate

Notice the three fl ow ries in this problem;
clarifiet^ influent,-clarifier effluent, andl'
clarifier sludge flow. The correct flow
(clarifier effluent) must be used for this
calculation.

A
a

r

2.0
,s
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Student Handout II

pa.ye 20

.

CONVENTIONAL. ACTIVAT,ED SLUDGE DESIGN 'PARAMETERS

New ork Recommended Standards
For Sewage Work-s--

Aeraiion,Tnk ,.,

Detention Time (Hrs.) - 6 .: 6 **. 6 --7.5...

Oxygen (cu. ft. air/lb. BOD)' ' 1,500 ' .1,500
. --- D1Organic Load (i.e. BOD/1000 ,

Cu. ft. . \ M .0 40

Secopdary Cl arOi er

Surface Overflow (Gal. sq. ft.:k_,_
,day) ' 60str -- 400

,Detent'on Time (Hrs.) 2 - 3
A

Clarifier Sludge Flow .(%) 20 - 30 15: -.75
-4.

*Based on design flow

**Diffused air, for mechat4cal 'aerators 9k- 12

at

eerei

C

4,

21'
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I.

RETURN SLUDGE
'FLOW = '0.1

-AERATION TANK
INFLUENT = 0.3

O

80

2,

- AERATION TANK

o y

VOLUME .;-= LENGTH X WIDTH X DEPTH = 20°X 80 X' 12 -

VOLUME.= 19,280 CUBIC FEET X ,7.48 GAL./CUBIC FEET

VOLUME = 143,616 aGALkONS *, °',

'FLOW IN =.3 MGD .1 Mb =.4 MGD

DETENTION TIME = VOLUME X 24
VLOW IN

DETENTION' TIME = 143,616 X..24

400,000

DETENTION TIME = 8.6 HOURSt

, 'rIGURE 4

AERATION TANK
EFFLUENT

IP I

- DETENTION TIME- CALCULATION*EXAMPLE; ..

,

9

!NV



60' DIAMETER

PRIMARY

SLUDGE
FLOW

SURFACE AREA = 1rd2 = 3.14 602 = 2,826 SQ. FT.
4

OVERFLOW' RATE = EFFLUENT . = 2,100,000
SURFACE AREA 2,826

OVERFLOW RATE = 743 GAL. /SQ. FT./DAY

FIGURE 6:

OVERFLOW RATE CALCULATION- EXAMPLE .

2

1

2 0 MG D'_



Module Ho:

lOstructor (totes:

f

so

$

Page 23

Topic:

'Design and Operation%Parameters
sr

.

Figure 5 - EnCourage Use of
"Real"Data for Additional
Calculation Practice. The.
operators should be able to
furnish at l&ast approximate
dimelisions and flow- data.

Figure 6 - Organic Load
Calculation Ex mple.

4,

Instructor Oufine:

III.

I V.

Clarifier Detention

The criti cal val ue again is flow: The
detention time is calculated from the
cle.rifier
depth of eet and a clarifier influent
'flow Of 2.8 MGD to complete the calculation.

Pounds of BOO to Aeration (F)

VI Pounds of Solids Under Aeration (M)

Some operators use mixed liquor volatile
suspended Solids for this calculation_.

Thatts fine = just be consistent i.. if, .

volatile solids. are being used, always
use them and make appropriate notes in
the plant date and trend charts.

VI.° .FJM

24

Point o4 that this ratio is co
food to the organisms available
the food.

paring the
to "eat"
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PRIMARY EFFLUENT BOD = 150MG/L,

PRIMARY EFFLUENT FLOW = 0:3 MGD

AERATION\TM VOLUME = 19,200 CUBIC FEET

AERAtION TANK VOLUME = 143',616 GALLONS

MIXED LIQUOR SUSPENDED.SOLiDS = 2,000 MG/

POUNDS OF BOD/DAY = 150 % 0.4 X 8.34 =1 500 LBS/DAY

O

. POUNDS BOD/DAY = 500 = 26 LBS BOD/DAY/1000 CU 1C FE

VOLUME (1,000 CUBLC<FE4T) 19.2

.

POUNDS MIXED LIQUOR SOLIDS = .143616 X 2,000 X 8.34
,"

POUNDS MIXED LIQUOR SOLIDS = 2,396 LBS .

POUNDS BOD/DAY = 500 = 0.21
-POUNDS MIXED LIQUOR SOLIDS . n"§-6-

O

t,

FIGURE 6,-

ORGANIC LOAD CALCULATION EXAMPLE

4

2.5

O
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Mod tile No:
. ......

.
-

$.

Module Title':
,

Basic Activated Sludge

,
.

.

.
,.

.

,

`

. ,
Submodu'le Title:

.
...., .

---.,'
e

'
..

..
.

F.tp x. i
-

,1 hour ,

Topic:
,

Modifications to the Conventional Sy-stem
.

.1-'1 ift. t-,

.

objeCtiVeS: .. .

1. Identify by labeling given sketches:
,

A. Conventional activated sludge .

B. Tapered aeration
C. 'Step feed (step aeration)
D. Confact stabilization . "'

E. Extended aeration

.

.

. .

.

v .

.
.

.

.

.-

-.
.

.

.

.

04

.

.

,

.

N
,---

.
Instructional -Aids: --.

.

1. Transparenp.es .,
2-. Hand" '

.'"

I

fifr
. .. .

.
P

,
..

.

. ''

.

t

,

.
.

.

t

.

.

,

<,

.

S

.

. .

Ins truci i ona 1 rApproach:
-

1. Lecture '
2. 'Discussion ,

,

. .. .
, J

- 4 '

;
.....

,
.

.

,

.

-

.

.

..

'

,

'

, '

t

.

, .

.

t
References:

1. lIPCFMOP
. a. , N. Y.

-.

k -

.

. ,

41
Manual -

.

,-1-,
-.,N . ' '..

.

.

.

.. 4
.

.

4-

.

.......,

Class Assi mentsl --. ,

. . .
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.

.
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Mbdule Uo:
. Topic:

Modifitation to the Conventional System

Instructor Notes.:
Instructor (Wine:

Figure 7 Conven.eional:

Figure 8 - Tapered'Aeration

Figure 9 Step Feed

Figure lb ntact
Stabiliza

v

/

1111=1111

It is not the purpose of this basic course togain a thorough understanding of the
modifications .to the conventional activated
sludge.process. it is the intent.to introducesome df the modifIcations

and Offer an overview
of the "purpose" of the modification each will
be compared to the conventional system.

I. Tapered Ael-ation.

Notice that the only difference between
tapered aeration and the conventional systemis the placement -pfdiffusers. . When
microorganisms are introduced into the
aeration tank as primary effluent is,
introduce to the aeration'tank, the
organisoS begin to "eat"; using oxygen.
The head of the aeration tank has the most
food, therefore there lies the greatest
demand for oxygen. So tapered aeration
is a modificatton

to better match the supply
of oxygen to the area where most is needed.
As the flow

progresses through the tank
(in a plug flow situation). there is a
decrease in the aifailability of food, thusa decrease the demand for oxygen. The--
aeration evi s are relative)y more

'concentra ed at the head Of the aeration
tank. No,change in tank.dimensions.

II. Step Feed (Step Aeration)

MOP 11 c lls this modification step.aeratton

t

which is confusing. The modificationcame abouin the same way as tapered aeration, that is
to equalize the loading and available oxygen.
This modification dqtribute,the load ratherthin the aeration deviCes. Subsequent
workshops on activated'sludge will discuSs
process indicators leading to,distribution

'of the feed as a functi n of process demand.. .A somewhat aera ion.tank can be utiTize
with this

modificatibn."Recommended,Standards
for Sewage Works sUggests'that 5 hr. detentiontime (conventional 6) will suffice in plants
greater than 1.54MWdesign flow. The New
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AERATION!

TANK INFLUENT..

AIR

tQ

.
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Note: More aeration, devices
at influent end of
aeration tank.'
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RETURN
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DETENTION TIME= 4,6:HRS.
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FIGURE 6

STEP-AERATION (STEP-FEED)

:)PROCESS -SCHEMATIC
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Topic:

Modification to the Conventional System
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,

liddule

Instructor Notes.:
Instructor 00trine:

,

4

41111111.

York.Manual.suggests even sm4ller aeration
.

tanks, but Iowa uses theformer.

III. Contact Stabilization

This modification is the extreme of step
feed in that the sludge Ts-reaerated
(stabilized) before it is combined with
more waste flow (contact). Here again
a net reduction in tankage results, compared
to the cpnventional systemthe modification
is most ,enerally usedin the treatment
of industrial wastes, the rationale being
that a given "slug" of waste only would
affect that portion of tludge contacted and
then reaeration would move that sludge to
a more stabilized condition.

IV. :.Extended Aeration

The modification in this case is one, of
.aeration tank capacity. Recall conventional
on the order of six to eight hours detention
time. This modification enlarges'the
aeration tank to provide a twenty-four hour
detention time. The modification has

- historically been used in very small
installations. '(Ftequehtly termed "package
plants). All too frequently they have been
abused by*not wasting sludge from the process
and using extremely excessive return sludge
flow rates.

Yp ,Complete Mix

32

WPCF MOP 11 includes the following definition'of a "completely
mixed system ".: "ActiVatedsludge plants that use aeration'ta'nks

in whichthe in-fluent wastewater'is mixed thiodghoutthe tank are called completely
mixed systems".This as oppoSed to plug flow. The configura-tion'usually results from placingrdiffusers

*perpendicular to the direction of flow forutilization of. surface mechan}cal aerations(no sletcti included).
.1
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Module No:

.

. .

Module Title: .

. . .

Basic- Activated Sludge

Submodule Title:. ..,

.

,

,

.

Approx. Time:

1 hour
.

Topic:
.

Process Observations
.

Objectives:
. i .

.,

1. Given brief aeration tank appearance'descriptiohs, match to probable process
:indication.

,

2. Given brief final settling tank appearance descriptions, match to probable
- process indication. --.- ..

3. Given sketches, identify -microorganisms common to biological treatment - -

activated sludge. .

.

Instructional Aids: .

t.

1. Transparancies
2. -Handouts .

,

. .

.
.-

t
.

, . ,
. ..

,

.

.
,

.

Instructional ApOh:roac
.

.
_

1. Lec ure e' ,

2. Dis sion. . . .

-$
. .

. .

.

- .

References: .

.

.

1. WPCf MOP 11 .

2. OCP for ASP .

_

.

.

.
_

-7 :
. .

r

3. - \Class Assignments: .

,

. ,.. .

4. - -__ 33 .: ..
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Module No:

Process Observations

Ins tructociotes :

(

Student HandOut 3 -
Microorganisms in Activated
Smudge Floc.

,

Instructoi- Outl

The "Text" for this topic iv primariiyuPart'I -Observations, Operational ,Control Proceduresfor the Activated Sludge Process". Pages 1" .through TO should be discussed.

'MicroscoOlc observttiOns can also. become ,a partof the routine
process obvprvattons performedby the operator.

The presence' or relativechange in predominance of microorganisms and .documentatiork of these changes with other
observations become one of the keys to successful(operation.'

34
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Student Handout III - Page 34
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Student Handout III
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Student Handout III - 4 Page. 37
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Student Haridout III
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Student Hantickitt III - 6 Page 39
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Module No: Module Title:

Basic Activated Sludge

Approx. Time:

3 hours

Obje,ctives:

t requirements,;

tatus and needS).
return sludge
bility exists.)

Submodule'Title:

Topic:

Basic ProceisControl

1. "List two reasons for testing (1. .Satisfy discharge-permi
2. Obtain data from which, to gain insight into prcicess s

2. ,List those factors that the operatdtscan "control" (air;
flow; waste sludge flow; mode-of operation-ifplant flexi

3. Litt three "control ,techniques ".
,

Instructional Aids:

1. ,Transparancies
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Module No:
Topic:

Basic Process Control

Instructor Notes:
Instructor Outline:

There are two basic reasons for testing and'
analyses in a waste treatment facility:

'1. To document treatment
plant.performance

(that is to obtain data for submission of
the required

self-Thonitoring reports.)

2. To gain insight to process needs (that is
to assist in process control decision

-making.)'

In most facilities and especially activated"
sludge facilities the required self-monitoringdata is not sufficient to truly incorporatethe data into a process control methodology-.
,One example to illustrate what is meant. Solidsseparation must occur in. a secondary clarifierleaving' a clear

supernatant or overflow for
discharge to be of acceptable 'quality. BOD and
suspended solids will document that quality of
clarifier overflow.. BO and suspended solids,however, don't give you a clue as to changes
in settling characteristics, only the results

'-of what 'has occurred -in the clarifier. However,the typical self:monitoring
report requires

nothing relative to settling.

'It is then appro-priate to focus, on just what the
operator Can "control" or adjUst in;an activated,
sludge faciJtty and then briefly' foCus on a few
typical control techniques .or methodologies.

I. Factors that the operator can control or
adjust.

. -?

The degree of-control will vary fro plant'to plant. Here once pore theopera r must
learn his facility i^.e. just that co trol'
capabilities exist.

1. Oxyden (air)

It, is generally
accepted that ,the level

of dissolved oxygen should; be maintained
at about 2.1g/1..

42
1.

5



Page 42

Module-Ho:"

Instructor Notes:

Topic:. . '
op asic P_r_or.essCoptrol

.

a

et.

I 7

Instructor- Outline:

.Discuss the relative ea or- difficulty
. of attaining a constant' issolved

oxygen level of 2 'moil in the aeration
tank-as a function of:
A. Mechanical aerators, fi xeckanct

floating.

B.' Diffused air

C. Organic load

Mixed'liquor suspended solids
E. Measurement of dissolved oxygen level

2. Return sludge flow

The clarifier nay haTve its own lowet.
limit above lowest pump capacity below
which pipesplug, or an upper limit less
than pump capacity from the piping..
There may or may not be meters.

3. Waste sludge flow
-

May be liiwitad by the 'ability to handle
was te sl urige i.e. digester capicity,drying bed capacity, furnace capacity,
thi ckener.capatity etc.

4._4ode-of operation
.

plarit ftexibili ty exists the ability
to .change. ftm conventional to step "feed,.? ,fo'r example.

to there are.-generally three acijustments.possible:

Air'.

Return sludge flow

:Waste sludge-flow



Module Ho:
Topic:

Instructor Notes.:

Basic Process ontrdl

Instructor-Outline:

r

1
.

Page 437
,

..1111. 01111101.

And if you are fortunate, a fourth:

Mode of operation'

The amount or degree of capability
of each is unique to a given facility.
Each facility must determine its -

minimum -and maximum return sludge flow
capability, for example.

Control TechniqUe (Methodology)

ven that some control capability exists,
how does one* know wh n a procesS .floW
adjustment should be Made?. T is baslc
course will briefly cus on./ few control
methodologies.

.. 1. Control bymOnt ance of constant ,
MLVSS. This is o e common approach
to controlling an activate sludge
process'. - Its basic premise is: A
certain levelof mixed liquor volatile

;suspended Selids has been resulting in
acceptable effluent qublity, therefore
maintain that level of0MINSS.

.How.idoes one determine that level of
solids which should be maintained? What
are the-limitations of this control
methodology? What laboratory or control
test data is necessary? What process,_
flows, are varied?

e Solids level

There is no exact level, it iila
matter of finding what appears to
Work, then maintaining. that level:.
The F/M ratio presents 0,reasonable
Starting point. It isbgenerally
accepted that F/M ratios between 0.1
and 0.5 are acceptable. An F/M
should be selected; Say 0,25. It
then is necessary to determine the
amount of food entering the aeration
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a

Module No:

InstrUctor Notes:

Topic:

sic Process Control

Ansfructor Qutline:

45.

tank and solve for the concentration
of solids necessary to maintain the
selected F/M (0.25). The system
should then be operated at that
solids level until final effruent
quality can be judged, probably a
month minimum. If effluent, quality
1 aves something to be desired,
'se ct a new F/M, say 0.3, re-
calc late the solids concentration,
build solids (or dedrease as
appropriate), and document effluent
quality. A .sample problem is .

appropriate.'

.Using the aeration tank from
Figure 4, its dimensions and the
flow shown and a BOD of 180 mg/1,
calculate the solids concentration
required to maintain an F/M or 0.25.

Given: Volume = 0.143616 million gal.

Flog 0.3.MGD

BOD = 180 mgil
44

F/M = 0.25'
4

Find: MLVSS

Solution:

Lbs. food (F) = 0.3 x 180 x 8.34'

F = 450 lbs. BOD

F/M = 0.25

M -=.F/0:3 z! 450/0.25

M = 1,800 lbs. MLVSS
,
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Module No:

O

Page 45

Topi c:

Basic Process Control

n CrucOT Notes.:
Instryctor Outline:

a

*.." 46

-Lbs. MLVSS = MLVSS mg /l x Vol. x 8.34

1,800 = MLVSS mg/1, x 0.143616 x 8.34

MLVSS mg/1 = 1800/0. 143616 x 8.34

MLVSS mg /.l = 1,500 mg /1

B. Limitations to control
)

The two most glaring limitations
are:-

i) It assumes" the loal into the plan
is constant.

fi) It does nothing to assist the,
. ' operator in determining Oat

return sludge flow should be.

C. Laboratory and control test data
required. ,

i ) "The daily determination of MLVSS.

Periodic BOD of the waste flow
into the aeration tank.

. Process floi4 control

Waste sludge fl.Ow is. the only process
flow varied with this control
methodology. If MLVSS falls below
the desired level, decrease waste.
If MLVSS rises above the desired level,
increase waste sludge .flow.

2. Control by maintenance of,A constant F/M
ratio.

This- methodology is slightly more
sophisticated than constant MLVSS control.,
The operator. -still must arbitrarily decide
on a target F/M ratio. fit then becomes
necessary tocleterminet.the load (F) and
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Page 46

Nodule No:,

Instructor Notes:

Toni :

'.Basic Process Control

Instructor Outline:

d =

.

47

11111M

then waste sludge to -vary M and hold
F/M constant. Sounds easy. Consider-

the fact that BOD values are 5 days
old when the final determination is
made, Consider also that on occasion,
the calculation might. ggest that the
solids level .should b markedly reduced
And the'next day the` olids level should
be at or above the evel prior to your .

increased waste sju e flaw. There are
ways of speeding up t the (F) determination.
COD or TOC determinatilons can provide
"same day" load.values in lieu of the-5
day BOD. The MLVSS' determi nation, i s note'
necessarily an accurate determination,

of. the true number of micoorganisms in
the aeration tank. TiSsue paper and
dead 'cells register in the determination

.of MLVSS.

Waste sludge flow is again the primary
.prOcess flow variable, althoUgh if some
solids -are "stored" in the secondary
cl ari fi dr . there i s- some capabi 1 i ty of
making minimal solids changes in the
aeration tank.

Many activated sludge facilities'are
allegedly controlled by.maintenance of
a constant F/M. Significant laboratory
data is required and the initially
selected,yalue for the F/M ratio may be
wring Congl derati 'on, of, the merits 9f
this control methodolOgy should be
judged against its inherent difficulties!

The calculation pro a res 'require use
of the identical equ ti n.lise'd In the
dis- cussion of_xontro 'maintenance of
a constant MLVSS. T e difference is that
daily (1) determinati are made and
MLVSS is 'allowed to .i.ricrease or decrease
as opposed to maintaining

constant MLVSS.
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Instructor46tes:

Topi-c:

Basic PrOcess Control

r

Instructor Obtilne:

Practically speaking the F/M control
methodology where used successfully
actually use a range for F/M as opposed
to an exact F/M ratio. This alleviates
attempting.to make instantaneous
adjustment fn mixed liquor solids
xoncentration.

3. Control .by'maintenance.of a constant
sludge age.

There are many equations used for
"sludge age" determination. The SPCF
MOP 11 suggests that average sludge
age is the total amount of solids in
the system divided by.the amount of
soli* removed from the system each day.
The must eXercise,great care when using
the 'term sludge age, due to the fact that
so many different equations are used all
to solve for what is- labelled "sludge age".

Control by this methodology requires the
selection of a Value for sludge age.
Then the volume of sludge to be wasted
each day can be determined with only a
few laboratory solids determinations.

A sample problem will illustrate -the
control methodology.

Sludgeage (S.A.) = MLVSS (Va VO/Qw
RSTSS

Where MLVSS in mg /1

VA.= Volume of aeration tank

Vc = Volume of clarifier

Qw = 'Waste sludgd/flow

RSTSS = Return sludge total suspended
solids in mg/1

4, I
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Module no: Topic:

Basic Process Control

Instructor Notes:
Instrtiator Outline:

If the'operator assumes a value for
sludge age, the waste sludge.. flow can
be caltulated given the appropriate
volumesoand ,sol i ds concentrations.

Given: MLVSS = 2,000 mg /l

RSTSS =,,8,000 mg/I

Va.= 0.8 million. gallon

Vc = 0.3 million -gallon
"

S.A. = 8 days (operafor selected)

64=-2,000 + 0.3)/8,000 x 5

'Qv/ =,0.055 MGD

The waste sludge flow_for that day will
then be 0.055 MGD..
The selection of the value for sludge
age is certainly critical in this control
methodology. A reasonable starting
value, would usually be in the range of
5 to 9 days. The process would be
controlled using the selected valub.
If suitable .effluent quality results,
lick with it. If not, the'v.alue far

sludge age is adjusted.,

Once again the adjustment of 'return sludge
flow js not addressed all incluNvly.
One would tend to adjust return sludge
flows to-the point of maximum achievable
concentration of sON,irls being withdrawn
from the clarifier. his, woul d then
minimize the'volume of required waste ,

sludge flow for a given, sl udge age.
Finally, the result ofminimzing waste
sludge flows results, in lessening the .

probability of overloading the sludge
di gestors.
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,Modul No:
Topic:

Basic Process Control

Instructor Notds:
Instructor Outline:
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Once more, it sofinds easy. There is onetruth in this control methodology andthat is that tiTe wasting procedure wT11. affect the
effectiveness of the

activated sludg0,:plant.
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Module no:

Approx. -Time:

-4 hours

I it

'_Module Title:

Basic' Activated S1 udje

Page SO

Submodule Title:

7

-Topic:

Operator control. tests

*

Objectives:
.

1. To,perform:

A. Centrifuge test
B. Settleometer test
'C. Sludge blanket determination
D. Turbidity test

Plot trend charts from data obtained from the tests listed above.
low

Instructional Aids:

Instructional Approach:

-100

1. Hands-on training at an activateesludge facility.

References:

1. OCP for ACP

Class -Ass i gnments:

51
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Module Ho: Topic:

Operator Control Tests

Instructor kites:

Note: The second day of this
module of instrpction should
intlude "hands -on' training
in running, control tests. It
is appropriate to assign the
student,on the first day to
read the Procedures Manual,
PartII,:Control Tests, so
that he may in fact perform
the tests during the second
day.

'

Instructor Outline:
az.

6

There is more involved in the operation of an
activated- sludge facility than cutting grass\
hosing overflow weirs add greasing pumps. Thatis not to say the above isn't necessary. Thereis more.- Each and every employee at the
activated sludge facility should have some
familiarity with the facility. At the very
least his senses, eyes', ears, and nose, should_be alert - alert to,change.

The. eyes can note if units are operating when
they are supposed to be. Foam, color and
general tank appearance shouldfbe noticed.

The ears should be,alert to change in the soundsof the faciLity. ,Has therd been a noticeable
change in the sound of the centrifugal blowers,the motors powering

the-clarifier scraping
mechanism, etc?

-Finally, is the nose telling the operator of adeed to increase the rate of waste sltidge
pumping, a need to hose down effluent weirsand troughs, a gravity thickener gone septic, etc?

Such sensual observations and the recording ofthem are truly an iptegkal part o3 process
monitoring and control.

There are alsp useful operator control tests.:-which if performed routinely can all improve
process control and Atifiately lead to ,improved
effluent-dischrdrquality,..permit compliance.These control ests are exactly as named - .control tests. -The data thus-accumulated

combined.with the routine
laboratory data (BOD, suspendedsolids; pH, 00,11143,

etcv) should enable theOperator charged with control' decision making
responsibility to.make better decisions, decisions,based on response -to process demands, not "seat'of the pants" control adjustments.

52
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Module No: Topic

Operator Control Tests

Instructor Notes

Y.

The tests should be
demonstrated by the instructor
and then performed by each
student._

Student Handout - Data
and beginning of a trend
chart.

*

-

Instructor Outline:

The'control test series to be learned in this
module of instruction includes:

1. Sludge blanket level-determination

. Settlometer test

3. -4entrifugg test

4. Effluent turbidity test

The apparatus and technique for each test is
thoroughly detailed in "Operational Control
Procedures for the Activated Sludge Phcess,
Part II - Control Tests". The purpose here
in this module ii to learn, the technique and
how to plot the data drily. Test frequency and
data interpretation are addrinsed in subsequentmodules.

The final consideration of this workshop is to
learn and practice data plotting or trend charts.
Data routinely collected but recorded on "matchbook covers'" or ac d and coffee- stained yellowpads is data seldom, if ever, used as a part
of process control decision making. Data pfottedon graim paper with, appropriate notes becom4sdata used in proceSs control decision making and
should result in improved operation.

The "Operational Control Procedures for the .

Actiy'aftd Sludge Procesi, Appendix", (Pages1 - 6) .provides sample data sheets for controltest data and-trend charts. The six pages
shouldle'discussedinclass. The remaining timeshould Be Spent in plotting data furifished toeach student.

Notice the graph paper used. ,It is divkiedctc:
12 segments per inch on the horizontal

scale which .lends itself very well, to "time of day" plotting.10 or 20 s.egments per inch on the vertical scalelends itself nicely. 'Finally 11" x 14" paper size
isisuggested with the 12 by 20 graduations.
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The following materials.are appended from which'studeni .handouts'

may be duplicated, and transparencies produced:

Figure%4 - Conventional Activated Sludge Process Schematic.

Figure 2 - Relative,l4edomtnance off,Microorganisms

Figure 3 - Ideal GrowthCurve

Figure 4 - Detention Time Calculation.Example
.

Figure 5 - Overflow Rate Calculation Example

Figur6

F' gyre 8

a

Oganic Load Calculation Example

cnventional Activated Sludge Process Schematic
.

Tapered Aeration Rrpcess Schematic

igure 9 - Stepjaer Protess Schematic

Figure 10 - Contact Stabilization Process Schematic

O

Student Handout I - 2 gage,0

Student Handout II -.1 page

Student Handput III - 6 pages

Spbdent Handout IV - 11 pages
=

r
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RETURN SLUDGE ,

FLOW = 0.1 80'

AERATION TANK
INFLUENT = 0.3

20'

AERATION TANK

VOLUME = LENGTH X WIDTH X DEPTH = 20 X 80 X 12'
VOLUME = 19,200 CUBICFEET X 7.48 GAL." /CUBIC FEET

VOLUME = 143,616 GALLONS.

FLOW IN =.3 AGO 4.1 MGD = .4 MGD

DETENTION TIME = VOLUME X 24
FLOW IN

DETENTION TIME = 143,616' X24,
40Q,000

.

DETENTION TIME = 8.6 HOURS

1.

FIORE 4

DETENTION TIME r ALCULATION EXAMPLE

AERATION TANK
EFFLUENT'

-

4



60" DIAMETER-.

IN LUENT

sPRIMAFIY

SLUDGE
, ..FLOW); -

:v

1 1

.SURrACE-AREA =.1118. = 3.14 X 402 . = 2,826 SQ.
;4 4-11

OVERFLOW RATE-= .1iFFLUENt -,. = 2,100000 '
SURFACE AREA . ''' ,. 2,826

OVERFLOW RATE = 743 GAL./SQ. F ./DAY It , i ' .
cf,

:
( ) FIGU-15 /

)

OVER) % 1

FLOW RATE CALCULATION EXAMPLE

i , ,.. i

0

1 *



PRIMARY EFFLUENT BOD = 150 MG/L

PRIMARY EFFLUENT FLOW = 0.3 MGD'

AERATION TANK VOLUME = 19,200CUBIC.FEET

AERATION TANK VOLUME = 143,616 GALLONS

MIXED_LIQUOR_SUSPENDED SOLIDS-=-2,000_MG/1

POUNDS-OF BOD/DAY-= 150 X'0.4 X 8.34 = 500 LBS/DAY

7

POUNDS BOD/DAY = 500 = 26 LBS BOD/DAY/1000 CUBIC FEET
VOLUME (1,000 CUBIC FEET) 19.2

. POUNDS MIXED LIQUOR SOLIDS = .143616 X 2.,000 X 8.34

POUNDS MIXED LIQUOR SOLIDS =,2,396 LBS

-POUNDS BOD/DAY,..... = 500..= 0.21F
POUNDS MIXED LIQUOR SOLIDS 27§T

,

FIGURE 6

ORGANIC LOAD:CALCULATION EXAMPLE

4:

61_

*
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SLUDGE
FLOW

RETURN

SLUDGE
FLOW

AERATION

TANK INFLUENT*

DETENTION TIME= 6 - 8 HRS .

AERATION TANK

J1

SECONDARY CLARIFIER

;

FIGURE 7
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PROCESS SCHEMATIC I
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qq-SLUDGE

PLOW

CLARIFIER SLUDGE FLOW

AERATION

TANK INFLUENT

4

P
CONVENTIONAL ACTIVATED- SLUDGE

CLARIFIER

OVERFL
"Y-

CLARIFIER SLUDGE FLOW

IUDS(
-FLOW Note: More aeration devi C'es

at influent end of saeriti on
tank.

'"

IFIER

LOW
AERATION
TANK INFLUENT

4 j
AIR c'



WASTE
Ni.

SLUDGE
FLOW

CLARIFIER SLUDGE FLOW

RETURN
SLUDGE
;FLOW

CLARIFIER

OVERFLOW

AERATION TA

INFLUENT

'i .x

,AERATION TANK

. i

. FIGURE 9,

STEP-AERATIO FEED)

PR SS SCHEMATIC
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PRIMARY

....1.4140....,- 4'1

f,

L

ASTE SLUDGE CLARIFIER "SLUDGE FLOW

FLOW

EFFLUENT

(RAW WASTEWATER)

RETURN SLUDGE FLOW

STABILIZATION

TANK

CONTACT
TANK

,FIGURE. 10

CONTACT STABILIZATION

PROCESS SWEMATIC

65

4
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CLARIFIER
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*Student Handout I

1
12

Absorption

Adsorption

Coagulation

Colloids

ACTIVATED SLUDGE TERMS AND DEFINITIONS.

al

From 'MOP 11

The taking up of one substance into the bodSc o.
)

`another.

The adherence of a gas, liquid, or dissolved

material dn the surface of a solfd.
-

The destabilization and initial.aggrdgation of

colloidal and finally. divided suspended matter-

by the addition of a floC-\forming chemical or

by biological processes.

Finely divided solids that will 'nbt settle but

may be removes'. by coagulation, bi bthemi cal action

or membrane filtration.

Declining Grolth Phase A growth phase in which the 'amount of available
J

14.* -
1 ifood begins to limit cell g`rowtli."4
1

The growth phase which due to allrck of
available food and cannabalism Be Keen cells

5 i , --,

j results in a net cell death.

Small gel at4 nous masses formed n a liquid by
1 ,0

Etivdogenops

f.

Floc (sludge floc)

aggl omeraIi on of ;smaller parti
o

F/M Food to Microbrganism rati Tfiq
3

-calculated ratio of 'the pounds of food (lbs. BOD),

flowing into an aeration tank divided by the

pounds of solids in.the aeration Or* (lbs.

su4 spended
v

solids). Note: Someoperators use66
the volatile suspended solids in this calculation..
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Student Handout I (cont.

Log Growth Phase
0

\
A growth phase in which cell production is at

..v a maximum - abundance of. food and suitable

r

enOrohment (oxygen, temp. etc.) a.

Mixed Liquor The contents of an aeration tank - the mixture

Return Sludge

resulting from the combination of return sludge

and primary effluent (raw sewage if primary

treatment units are,not a part of the facility.)

That portion of the settled siqdge removed from

the clarifier which is returned toperation

tank.

Sludge Bulki A condition of activated-sludg during which

Stabilized

Waste Sludg

I

the sludge occupies. excessive volumes and will

o net concentrate readily.
N.

That'quality of a waste or sludge when there

for .further change. .

I- .

That sludge which is removed from the secondary .

treatment units, 'It is generally.a O'cii-tion of

%

lot sludge wiithdrawh,from thevciartper,

however, some activated sludge'plants, hay,

0

0

O

67

the ability, to waste mixed liquol-%

0

4.

C
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Student Handout, II

14

CONVENTIONAL ACTIVATED SLUDGE DESIGN PARAMETERS 1

Aeration Tan1N

Detention Time *(Hrs.)

Oxygen (cu. ft. air/lb. BOD)

Organic Load (i.e. BOD/1060
cu. ft.

Secondary Clarifier

Surface Overflow (Gal.
day)

Detention Tige (Hrs.)

Clarifier Sludge tpw (%)

*Based on deiign flow :

ft.!

New York
(Manual

6i- 8 **

1,50Q

-800

20 - 30

i

**Yiffused air, for mechani cal aerator!

.-1

4

AC

4.

68.

- 12

0

*

Recommended Standards
.For Sewage Works.,

64- 7.5

1,500

1 30- 40

600 e 800

2 -

15 - 75

,
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Student* Handout II - 2

o
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4
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16,
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student Handout III - 4

°.0

44

e

E,"

e
.

I-

0"

4

7.;

V;

72 4

t.

STALKED CILIATES
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Student Handout III - 5

O

O

I' a

19

r
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Student Hanalut III - 6
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Student Handout IV - 1

DATE 41 i 7I Cr, a

DAY.

TEST
00\-)TIME, (.

. RAW FLOW 4- 1 0

,RETURN FLOW 9c)
WASTE FLOW Cfl

TEST
TIME G 0 o

RAW FLOW 4-I 5

RETURN FLOW, )*S c)

WASTE FLOW 4

TEST
TIME 2 di- 00

RAW FLOW 4

RETURN FLOW 2 I se

WASTE FLOW, 6

TIME SSV'

0 1000

5 90o
820

15. 2/2.
3o 6-4 0
45 _49
60 112.

ATC 8,.,._.: °

RSC, 19.°

-DOB 8.4

SSC

:

INITIAL
TURBIDITY 7.0
FINAL
SURBIDITY

TIME` SSV

0 1000

5 9c:0
10 800

-7 00N7

45. ',44-4,,e;..

90

ATC

RSC **22

DOB L4.5
INIT L
Ttr

FINAL
TURBIDITY

SSC

12.6

9"o

TIME SSV

0 1000

10 eCa
Is 7 79

o SAO

6o 440
90

ATC ,
P4V9:
DOB

SSC

INITIAL
TURBIDITY /6- °
FINAL
TURBIDITY /2"

.]



Strident Handout IV -- 2

22

DATE 4/0.06
DAY

TEST
TIME, 042500

RAW PLOW .4.-65

RETURN FLOW /40
WASTE FLOW 6

a. ETST
TIM /62,20 _

RAW FLOW, 490
RETURN FLOW. 2/0

;01ASTE FLQW 6

TEST
TIME <C400

RAW FLOW Sao
RETURN FLOW, 215
WASTE FLOW

TIME SST S$C

0 1000

$ *930
lo 860
15 800

30 42a

5 20
60.

ATC,

RSC

DOB, '5742-4..,

INITIAL
TURBIDITY 2

FINAL
TURBIDITY 2 I

TIME SSV SSC

0 1000

5 ?op,

10. floo,
15 );e2

30

45 _ 4o,
°60 42o
90

ATC

Rh
DOB 6 :S

INITIAL
TIT ;IDITY: ve7

FINAL
TURBIDITY 7/

TIMErV SSC

O- 1000

5 Soo
10

15' l 00
30 fl 9_
45 140
6o .11.12.

-I?
90

ATC 6?*

Rge 2-3Z
DOB .73

L
TURBIDITY 70 -

'FINAL
TURBIDITY

C

:7 6



Student Handouft TV 3
sr.

.'23

.t

DATE 4/476 y.

DAY

TEST
TIME, 0900

RAW FLOW SOD

RETURN FLOW 2S0

WASTE FLOW g

TEST
''.TIME /6 00

RAW 4go
RETURN FLOW 23o

WASTE FLOW 8

TIMET ImE

T 2400 ;It
RAW FLOW 46 0

**RETURN FLOW 255 ,(

WASTE ,

4 4

TIKE SST SSC

0 1000

.800-

10, 4-50
15 40540
30 4.50,

4/0,
60 X99

Af0

/9.0

INITIAL
TURBIDITY f

f'INAL.
TURBIDITY

.

TIDE SSV SSC,

0 1000

5 830
10 7/0
15'6,
3o 49O
4 440
6o-

ATC 6,0
RSC

DOB

1 I I ME l I.

4 I 1 I I I I 1=4

INITIAL
TU /
FINAL /a S.
TURBIDITY

TIME SSV

0 100o

5 940
10 Rgo
15,820
30

6-5c-345

6o stfLo.

sso

iTC 7
. 4

RSC tee_
BOB) 68

INITIAL
TURBIDITY e f*^' ''

FINAL
TURBIDITY ,7/03'

-")



Student Handoug IV - 4

f,
_DATE 4/ &7I7'
DAY,

TEST
TIME - 0800'

RAW FLOW, 41.5.0

RETURN FLOW- 290

WASTE FLOW /2

TST
TIME. /600

%RAW FLOW, 4 go

RETURN FLOW, 220

WA* FLOW /2,

TEST
.**TIME 2440(-2
RAW FLOW, 440

RETURN' FLOW, 2 -35

WASTE FLOW, /0 ),
TIME -SSV SSC

o too°-

5 860
to 2 t7

63a
48c2..

39a

15

30

45

90

ATC

RSC /7g
DOB 5.9

4

INITIAL
TURBIDITY /4-6.
FINAL

/-
TURBIDITY , /Zia

TIME. SSV SSC

P

5

zo

-15

30

45

60

90

. boot)

7f0
So

39o-

ATP 6
Esc

DOB Af-, S.

INITIAL
-ru dIDIT /4.0
FINAL .

TURBIDITY '1

TIME SSV SSC

0 toot)

5 gio
to 'eta.
15 Zga
30 Sec)

45 #2.O.

60-

90

-ATC 4
RSC 2Z.7
DOB

INITIAL
TURBIDITY 6<c)
FINAL
TURBIDITY

78
4
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STudent Handout. IV = 5

25

DATE 4/2 /77C,
pAY

TEST
TIME 06)00

RAW FLOW 430

RETURN FLOW 27.5"

WASTE PLPOW -/2'

TEST
TIME /400
RAW FLOW, 4Se2

RETURN FLOW, 25o

WASTE FLOW /2.

Tile
TEST 4400
RAW FLOW, 435
RETURN FLOW 2.55

WASTE FLOWisZ

TIME SSV SSC

jQ 1000

5 770
10 440 ,

.15 SC

30- -45-o
45 4-/

60 3V o,

ATC a 3
RSC /8,5 e).

DOB

. .

INITIAL
TURBIDITY ko

IDITY '

IME psv

0 1000

5 Aisa
10 45.0

15

30 4yo
400

6o .2152

90

ATC /
,RSC,

p,oB 8:3
INITIAL

IDITt
FINAL
TURBIDITY

SSC TIME SSV SSC

0 1000

3.5

3,3

79

5 .91.P_

10 ,B3e)

i5 :

;30 ':7580,'
,45- 4 9g
40 440
90 "77".1

'no
DOB 7? 5

-INITIAL
TURBIDITY 4

I FINAL
TURBIDITY 4 z.
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Student HantpUt IV - 6

DATE 4/2_2 /76
DAY,

TEST
TIME (MOO

RAW FLOW 4-45
RETURN FLOW W
WASTE nOW

TEST
TIME. /074/c"

RAW FLOW 400
RETURN FLOW, 2 3o

WASTE FLOW /2.

TEST
TIME 2¢00 °
RAW FLOW 4go

RETURN FLOW q 6/-

WASTE FLOW, 10

TIME SSV'

. o . 1000

5 (090

15 490 .

'.30 9/62. -

-
. . .

6o 37°
90.

RS C /8,e)
DOB

TURBIDITY

FINAL

-3

FINAL eig 9
TURBIDITY

SSC I TIME "4"' SSV SSC

0 1000

5 73°.
10 6e2o.

15, 52.a
30 420
45 -,,39 0

60 3
90

)

ATC

eL7_

DOB (
INITIAL

FINAL 2.
TURBIDITY

r

TIME

5

10

SSV SSC

1000

eso
75o

15,

30

.45'2

6o,

90

RsC 0;46'

DOB

INITIAL,
'TURBrDITY 6'2
FINAL. is dp,
TURBIDITY '

ler

0

80
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Student Handpp. t IV

`27

\ DATE 47°23/76
DAY

)

TES
TIMTE (.1900
RAW FLOW, g 70

RETURN FLOW, 2?e7

WASTE FLOW 10

TEST
TIME, co 04/

RAW FLOW, .17

RETURN FLOW 255

WASTE FLAW, '70

TEST
TIME Z40 0

RAW FLOW 470
_

RETURN FLOW ;c

WASTE FLOW, CI

TIME SSV' SSC TINE SSV

0 1000

770
_Co

4449

45 400
60. 37S,
90

ATC.

C Zg ,S

.Dot 7,3
INITIAL
TURBIDITY

FINAL
TIMM:PITY -?

5

.10

15

=r1.

4, g

'0 1000

5 709
to eis

.720'
30 6.42L

15

45

,6o

,90

ATC''

RSC /9.0
DOH 8, 0*

l

FINAL
TURIFITY

SSC

.1

TINE SSV SSC.

0

5

10

15

30-

100Q

48'80

Z.Zo

460
5Lc2._

.
430

. (60

90

ATC 7
RSC /9;8
DOB .7 5

INITIAL iv'
TURBIDITY 1.

FINAL ,

TURBIDITY

r,

L

81

4

-
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. Student' Handout' IV - 8

DA E 41/44"
DAY

TEST
TIME, c/ROO

RAW FLOW 45-0-

RETURN FLOW, 770

WASTE FLOW )111

TEST. ,
TIME. 16 Oa

RAW now, 5/0

RETURN FLOW 23 Qe

WASTE FLOW /1
t

TE Z40,0
RAW FLOW 4 0,

RETURN *Mr 230:

WASTE FLOW /°

TIME, SSV' SSC

,0 100'0

5 1Z42
o

15. -511.41.

3o 456
45 162.
60 3290
90

ATC

RSC /6% k

DOB

.INITIAL 0126
TURBIDITY- c/-

FINAL 7-
TURBIDITY

TIME SSV ,.- .SSC

0
i

>

10100

4 96
'10 7.50,

4/o
9;'

ATC

RSC /6%97

DOB

INITIAL
.5'144.1.4.1)1TE 7-, 7

15

.30

45

6o

90

FINAL z eir
TURBIDITY

TIME SSV

0 1000

5 112,
10

15 '$30,
X30 680

6

90

SSC

earmrwoon.

11041

elow

LTC,

RSC, a c4,

DOB . .
.INITIAL

TURBIDITY

)-FINAL.
TURBIDITY'

,

lCw _1 ,*
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Student HendOUt IV - 9 "41,

DATE 5/
DAY

:f

-21 4

;/

TEST
TIME CV Or)

. Fthvg 46- 4

RETURN' FLOW 24.5

WASTE FLOW /Z.

TEST
Tim, /boo

FLOW 4-.90RAW

RETURN FLOW 296.

WASTE FLOW /2

TEST A

A-)TIME -4-(1-4/C)

RAW FLOW 45 o

__RETURN FLOW -2335.

WASTE-. FLOW, .

T IME SST SSC

0 loop

A. 42-
10 920

SSa

15

30

45

60

.90

ATC j7
Ik;c

,DbB
V

_INITIAL
T1IDITY _24-6
FINAL
LUIBIDITY' "

TIME SSV

! ." 1000

5

_to 49Z0

30 77.0

60 .590
90

SSC

411111.11M

tim

ATC

RSC, 76,CJ

DOB 7

INZTIAi 3.14

FIN/`I;
TURBIDITY

1011

0."

TIME SSV

0 low
5 g4,0

to ZZe.
C.3o

30:

45 43o
-6o oo

90

ATC 74-
RSC Zi2.40

INITIAL
TURBIDITY

eminsoNmmo

/
FINAL .7 I

TURBIDITY

-

.83
10 .

: 46'



Student Handout IV - 10
k .

30 ,

DATE .4/g 4,1/76
DAY

ii

A

7

TEST
TIME. °bro°.

`RAW FLOW-

RETURN FLOW

WASTE 'FLOW /0
,

TEST
TIME /4-00
RAW FLOW

RETURN FLOW 56!,
WASTE FLOW /Z

TEST
T 40a
RAW FLOW 413.5

RETURN FLOW 235

' WASTE 20.

TIME SST
. 0 1000

5 93 o
aza.
ezo

30 0 fo,
4.3 _5:La

60 4570

-90

ATCP

Rs 76,/
DOB -5, 0

IN iTIA`L
-TURBIDITY.

FINAL
TURBIDITY

SSC
eh,

5/

TIME SSV SSC

0 'boob

5 52/0

.10

:t5 790
30 63e,
45 5.5-o

6o 48",
90

ETC -7A?

RSC 2/-

DOB -
INITIALI

3 ?'
131101;
TURBIDITY 1

TIME SSV SSC

0 1000

5 820
10 6921
15 6,0o
*3° 4ed
45

604b0
9.0

ATC815
RSC 3.0 .

Dori k-5. .

INITIAL
B ID ITY

5i/

FINAL 3 7.
TURBID ICY

0.

4
II

''2f-//
- .
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Module No:

r-

Motule Title:

Basic 4Cti vated SlAidge

Page 1
2.

'r

Approx. Time:

/.

Submodule Title:

EVALUATION

Objectives:
-,

The learner will demonstrate that he has ac ved the objectives of the ilodule by
correctly answering 75% of the folloWing cites ions.

1 ' .-----
,

1. Define -the activated sludge proces4 and its mOdifications as descrihid in MOP 11.
......,.,

2. List the basic open' ional requirements of the activated sludge pro

A.

B.

C.

r.

For each of the .fol lowing typical units.of an activated sludge facility, br4efly-,

v.tt9

.

1ti r*3

I .'

.: state the purpose: Ar

A. Aeration tank

B. Air (oxygen) supply

C. Fin al 'settli ng tanks

D. Retuen 'sludge punips 4

E. Waste sludge pumps
'L\

Sketch and label' the units-'for a typical--Conventionai activated sludge facil
A
ity. 1)

Omit. pri. trmnt..Showtypical detention, time, overflow pate and.Tump capadtiet.

5. Match- the definitions to the terms

at 'Absorption

b. Adsorption

A. ati hells masses formed- in a'

liqui_j_by:a0lomeration pf,:smaller

A:growth phase; n whi chrthe -emouht of

evaflable toed: begins tk limit tell.
growth:, 0--

"

-.010Wth .ph'asewh i Cfr due. to'=a lack'

. of- availahjejpod and eannaballsiii

between cel s :reg ults fife. net, cel I
death:.

c. Log. growth phase



(

4

0

'

El

d.- Declining growth 1)hase

e. Endogenous phase
.

f. 'Sludgp floc

g. Mixed liquor

h. Stabiltzation
.

j.

IT. Return' sludge

Waste sludge

k. F/M

N
Label

4,

1.: Diffuser
.40

m. 'Sludge bulking

the

Page 2

D,.---k growth phase in whitc,ce11-/

production is at fmaximum.

- E. Treatmenof waste or sludge to a
.condition from which theiT is no
capability for further change.

F. Food to microorganism ratio

Gr A condition of activated sludge
during which the s occupies

excessive volumes an ill not
readily Concentrate.. e

.1-1: The adherence of a Vas,liguid or
disSolved niaterial on the surface
of a solid. .

three significant zones

C c D

I.

J.

A ktank contents:

That portion of settled sludge
removed from the secondary
clarifier and pumped to the'
'aeration tank:

-6,

. ..

K. The\taking up of one substance into
the body of another.. A-

,.. .

L. That sludge-which-is removed from
the secondary treatment units.

-... , .'
M. A device through which ain is

"blown's' to provide bubbles-of Or
(oxygenA) to the aeration tank 3

contents.

(0sei), the two curves and the Axes.

.4.

D ,

.r
0
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7. Given the following,dataalculate:

A. Aeration tank detention .time.

B. Clarifier surface settling rate.

1

C. Pounds pf BOD to aeration.

D. Pounds of solids under aeration.

E. F/M.

Raw Waste flow = 10.2 MGD

Raw BOD concentration =-152 mg/1

No primary clarifiers

Aeration tanks =, two'

1*

Each 284' x 92'.x 15' )"

Secondary clarifieri - two
.

Eat'115' diameter x 12.66' .average.depth

Mixed liquor-total suspended solidi = 3000 mg/1

List three control techniques or rnethodolOgies.
-94

C.

4

s

3

SO .

9.' List those factors the operatbr can control.

;
B.

C.

1 "

0

10. List two reasons ,for testing.

B.

a



,

\ 4

a

see

Page 4

11. Identify the orgarii sms shown.

3

4

. Label the fol lowing' sketches by process.

Cl ari fi er. sludge flow"

Raw - Aeration
Flo ll

.4

Rat
Fl ow

-4
Clarifier sludge fl o

Secondary ,

IClarifier

Secondary
Clarifier

I . ,

Raw
Flow

D

Secondary
Clarifier

Clarifier sludge fl (14

Raw-

Fl ow
°

rilimmormlimumamOrmr--=

Aeration
Tank
Detenitn
24 hrs .

Secondary
Clarifier r

4'

;4

4 4
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Nodule No: Tonic:

Evaluation Answers'
Instructor Notes: IdstrUctor Out)

1. The contacting of preformed biological flocs.,. (activated sludge) with incoming waste in an
aera ion tahk supplied with sufficient dcissolvgdt
oxya to maintain aerobic conditions thf ughout
tne p' cess, followed by liouid solids se aratioi
in .a settling tank.

-'. . .
2. An adequate. number 'of microorganisms.

b 117,

A suitable environment.

An ability to settle. .

1

z

o .

4

3; A. Basin in which biological activity oc urs.

B. Required foie ' micro
break down-waste.

C. Tank in which soli

D: To return sludge s
aeration basin.

E. To remove exce
,. units.

ganis 11).S to 1 i fe ar d

# /.'
separation occurs: /

from clarif

from p)16cesss sludge solids

. Detention time 6 - 8 hrs:

Overflow rate 600 - 800'

Pump capacities 15 6%

Check sketch agaipst`Figitre 7./
. A.

S FPD

4



Module No:

Page

Topic:

Eva1 uation Answers -

Instructor Notes:

I

4

-

r

J

Instructor Outline: a

Mow

1-1. -E

I. J'

4
K.: F

L.

M.

6. Check.against Figure 3

13.4. hrs.

490 gal/sq. ft./day

16,350 lb/day .

D. 142,614 lbs. .

8.- A. ,Constant MLTSS (MLISS)
4

B. on s tant F/M

C. Sludge yge .

9. A. Afi:

B. Return sludge'f ow

C. Waste sludge flow

D. Mode of operation

10. A. Satisfy perMit requirements

B. Process control 0

'11. IA. Sarcodina

B..' Ciliate .

C: Stalked ciliates

.D: Flagellate

92
1

of

. .

°r r

,
rl

r.

r
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44

Instructor Ot ine:

12. A. Tikred.aeration *

B.° Contact stabilisation

C. Step aeration (step-fek

D. Conventional'

E. Extended aeration
.

1

.

. .
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